PROCEEDINGS
T HE object of this paper is to present in a compact form the salient points of a method of treatment of mechanics which I have followed in a recent book 2 on the subject.
Briefly speaking the following is the general plan of the treatment: (1) The fundamental principle of mechanics is stated in the form of a single law, and in such a manner as to bring it, at least in its simpler aspects, within the experience and mental grasp of the beginner. (2) The interpretation of the law is gradually enlarged as the subject is developed. By this treatment the presentation of the subject is given a high degree of unity and coherence, while its development is made gradual and progressive.
The following is the law upon which the entire subject is based: The sum of all external actions to which a body or a part of a body is subject at any instant vanishes: SA = o.
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The meaning of the term ' action/ in other words, the interpretation of the law is widened and developed in four stages, in connection with the application of the law to four different classes of problems.
(a) Equilibrium of a Particle,-Before applying the law to problems under this head the idea of force is introduced, and the latter is defined as a vector magnitude which represents the action of one particle upon another. Then it is shown that forces are the only type of actions to which a particle is subject, when in equilibrium; consequently the law states that the sum of all the forces to which a particle is subject at any instant vanishes. Therefore the following conditions are obtained for the equilibrium of a particle: (b) Equilibrium of a Rigid Body.-Here it is shown that a rigid body is capable of having two distinct and independent types of motion, namely, motion of translation and motion of rotation. Consequently it is concluded that a rigid body is capable of being subjected to two types of action, one of which is related to motion of translation, while the other is related to motion of rotation. These are called linear action and angular action^ respectively. Then the law is put in the following form
where A; denotes linear actions and A a angular actions. But since Az and A a are independent of each other the law may be split into the following two sections:
I. The sum of all the linear actions to which a body or a part of a body is subject at any instant vanishes:
II. The sum of all the angular actions to which a body or a part of a body is subject at any instant vanishes:
In the case of equilibrium, forces are the only type of linear actions and torques the only type of angular actions. Consequently the following wellknown conditions of equilibrium are obtained from the two sections of the law:
(c) Motion of Translation.-Here the concept of linear kinetic reaction is introduced as a new type of action which appears whenever a body is given a linear acceleration. The quantitative definitions, or the measures, of kinetic reaction and mass are then illustrated by two ideal experiments. In one of the experiments the particle is supposed to have a longitudinal acceleration while in the other a transverse acceleration.
An accelerated particle, therefore, is subject to two types of linear actions, namely, forces and the kinetic reaction. Hence the law states: 
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where F denotes the sum, or the resultant, of the forces, while -• wv is the kinetic reaction. The last relation, which is called the force-equation, is then split into two component equations which are related to the tangential and normal directions: Thus
Therefore, in general the magnitude of the resultant force is given by On this view the "centripetal force" is the real force while the "centrifugal force" is the transverse kinetic reaction. The latter is no more a force than the longitudinal kinetic reaction. Let Fi, F/, and F»" denote, respectively, the resultant force acting upon a particle in a system, the force due to its connections with the rest of the system, and the force due to external bodies: then applying the law to the particle we obtain
Therefore, taking the sum over all the particles of the system we have S(F/ + F<" -tmvi) = o.
1 In order to emphasize the difference between force and kinetic reaction the latter maybe denned as the action of the aether (or whatever takes its place in future physical theories) upon a particle of ponderable matter, while force is denned as the action of one particle of ponderable matter upon another.
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But, applying the law directly to the system, we get
It is evident from the last two equations that SF/ = o, which states that the sum of the internal forces vanishes. The principle of the conservation of linear momentum may be proved in the following manner. A DIFFICULTY which must be met in explaining either the unstriated discharge or the gaseous part of the arc is one concerning the rate of recombination of the positive and negative ions. This rate is proportional to the number of positive ions times that of the negative ones. Both the positive and the negative ions are here proportional to the current, so that the rate of recombination is apparently proportional to the square of the current. Since the rate at which ions are formed must equal the rate at which they recombine, this rate would also appear to be proportional to the square of the current. But there are valid reasons for believing that neither of these conclusions is possible.
This difficulty can be explained, if we remember that there are two kinds of negative ions, one of electronic size and one of molecular size. Approximately all of the current is carried by the first, because of their greater velocity, while a large part of the electrostatic effect is produced by the second kind.
A formula for the relation between current, density of the gas, and the electric force can be derived by making the following assumptions: first, that the ionization is caused by the impact of the more rapidly moving electrons on the molecules, and secondly that but a small percentage of the collisions between the electrons and the molecules result in combination of the two, while with the great majority of such collisions the electrons and molecules separate after collision without any permanent change in either.
These assumptions lead to the conclusion that the electric force approaches infinity as the density of the gas approaches zero, that it rapidly decreases as the density increases, reaching a minimum when the pressure is a small fraction of a millimeter, and then increases with increasing density. This result agrees with the measurements which have been made on the relation between electric force and density of the gas in these forms of discharge.
This explanation was also found to agree with measurements which were made on the electric force and the temperature and pressure of the vapor in the mercury arc.
By making the further assumption that the light from electric discharge comes from the molecules which have been ionized, this explanation also leads to a formula for the efficiency of the discharge when considered as a source of light. This formula was found to agree with the measurements which have been made on this relation. T HE enhanced lines of metals, a class of lines which appear much stronger in the spark than in the arc, are in general difficult to produce in the electric furnace. However, by operating a tube resistance furnace at a temperature exceeding 2600 0 C. the writer has recently obtained all of the stronger enhanced lines of titanium from X 4200 to X 4600. They are very faint in the furnace as compared to the lines characteristic of the arc spectrum. Special tubes whose walls were made quite thin for a portion of the length gave higher temperatures, with a slight increase in the relative strength of the enhanced lines. Phenomena of special interest appeared when these tubes burned through, forming an arc around the wall of the tube in which 20 K.W. or more were consumed at a potential of about 30 volts. The conditions given by this high-current arc resulted in the enhanced lines appearing very strong, their intensity compared to the arc lines being such as is obtained usually only with a powerful spark. In order to test whether the condition of the vapor at the center of the tube was different from that near the wall under these circumstances, the spectrum was photographed with a long slit passing across the diameter of the image of 1 Abstract of a paper presented at the Cleveland meeting of the Physical Society, December 30, 1912.
ON SPECIAL CONDITIONS IN THE ELECTRIC FURNACE WHICH PRODUCE
["SECOND L SERIES. the tube's interior. The middle of the spectrum line then registered the condition of the vapor at the center of the tube, while the ends of the line were produced by the vapor near the arcing wall. Photographs made in this manner showed that the arc lines of titanium and the carbon bands were much stronger near the wall of the tube, while the enhanced lines of titanium were as strong in the center of the tube as at the wall, and the spark line of carbon X 4267 appeared very much stronger in the center than at the wall. This latter line does not appear in the carbon arc burning with continuous current, usually requiring the condensed spark with cold electrodes for its production. The behavior of the arc lines, as well as general considerations, indicate that both temperature and potential gradient are lower in the center of the tube, but it is in this region that the spark lines appear relatively strong in this source.
Another remarkable feature is that the arc lines show a one-sided structure when produced by the vapor at the center of the broken tube, the red side of the line being strongest, while the lines produced near the wall of the tube are nearly or quite symmetrical. This is another point of similarity between the center of the broken tube and the condensed spark, the latter source showing a tendency to give lines apparently displaced toward the red. The regular furnace spectrum taken with long slit, when the tube does not burn through, shows no difference in intensity or structure between center and ends of the line.
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